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Performance of Ultra Wideband M-ary Pulse Position Modulated
Impulse Radio Systems
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H4she A9 e WAk 53] YA 3 5 84719} 1021 HE) (decimaton) B AR Az 2ok
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ABSTRACT

Recently, ultra wideband time hopping impulse radio (IR) systems have drawn much attention as a new type
of spread spectrum multiple access communication systems in such applications as in-building wireless LAN and
military communication systems. An IR system transmits a train of pulse position modulated baseband Ganssian
monocycle pulses with very short duration in the order of sub-nano seconds, yielding very low power spectrum
of ultra wide bandwidth of several GHz so that the system causes a negligible interference to the existing radio
systems. In this study, we evaluate performances of the IR systems with M-ary PPM schemes. In particular, the
synchronous IR systems under additive white Gaussian noise channels with a time hopping sequence generator
composed of a pseudo noise code generator and a decimator are considered, and their performances in terms of

various system parameters such as M, pulse width r, of the Gaussian monocycle pulse, PPM pulse interval g,
and number N, of pulse repetitions, are evaluated through computer simulation. The results can be exploited to

construct a suitable M-ary PPM IR system according to such different system specifications as bit error rate,

system complexity, and data rate.
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waske A7 = Hwlg o83l zh ApgApel
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Aoz ndygel o7 1& A=, 7,=0.3
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o, 2§ 2% JRASt Bxalelg " p(p9 A
4 AdEPE A 97 o) F& e H
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AR AYE Pgste Ae e o] | R
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R,=‘LA§% (bpe) ©

MZA PPM IR Axd al7)eld, 41 AlSe
A M2 WA 3 7 g S g Mo
9] 4] (correlator) & o}4sle] Bzsich o]l
N8 MY EHE o)gsle] AW RAe] 4
09 ¥, AN ANE A jog, M 5 )
EST wiE ¥ wgAErg Ax &894
AWGN Ad slolld k= 11A AMALS) AlEwbg
TAYE AL 4l AlE A(HE oldel o) EY
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HO) =AsVP@ -0+ n(d )
Q714 At e Ade] A W AdE viehdy
3, n(dE AWGNelch A A¥ 4% {0, -,
M- 1y0g 28 A 4 (DS dgst Ze] v}
Al 18 7k

() = Awy (£ — 8d™) + n(d (8)

N,—1

Woma(D= S

S, Wt —iT— ePT.—0  9)

m(m=0, -, M—1yAd A7)y 441 Als
o} F3A| Fe FAE AZ (reference signal) v,,(1)
= v3 7o) AejElt

V(D = Wy (8 — m)

i+ 1N, —1
= ﬁlN w(t—jiTy— eV T,— t— ms)
TR 10)

7,8 Ad 4§ el N g2 H3f
AZE 9ol ¥ uwl, wHA AW)Y &Y
(decision statistic)&

z2u= [, rDoaldar (11)

o] =1, olefe] AA T (decision rule)el] vz}
st A mo] AARCE.

m= A MAX & {0, -, M— 1} Zm (12)

2 Az FY [12,13,14,15]44] R H5E
A5t A7 xof " BA7IRA, m-AW RS
$1% WA 84| (primitive polynomial)
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g =x"+t gy x"  + o+ g+l
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AzE dxzE TR Sl e FE A
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4 758k

2. AAH m2jo|se] AE
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8 Az T.& 2E Axgld diE dAY e
fixZz) e A9E F 5 ok o] Afs A
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e vgE 25 BRI we] W £ 7,9
99 AR T 94T ghoE RZEA e A
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g wo] ML Esl, M-ary PPM IR A)2gle] A
& WriskaeAt gk

H. 45 W}
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74 8 o) AgE FAgch o1& Y F
o] 0, MY 2dEX Wyt N2 (Watt/Hz)al
AWGN A4 7IAsl FAelA 7]E A8l
A7k Aedo] Ags] A=} AWr|E ol4% &
Z2F A% Pt AR gsivkn lsisich =
T o Aol A= Azk =oF Al dARrieA
n = T-stage A% HAF ALE=E HA|2EE AHEIL
ok 7R o= ARl Als Aleld] hyE
719 98 (F 714 Alad) HH N, = N, -
12799¢) AHAP} AlGEE o]F Alele] oidl A
& 7MS AR S gle Ashg Adstga
makx o) A-$ JIE AMAE) ARy) Y e
AHgAE 1 vgute] A4t AMga) FUEA] Rl

AT A4 4% 7L ReAlelg 922e
215t g Bkt 7398 ARl 4 4
w(HE ol88lHx, o] # Ha =] AL
2V re/3% ARG, = @9 AL (& A
71¢] A¥ AZh 1.8 A FR=A e A
S Me] 2, 4, 8o =i 24 03, 021, 0.13
(nsec)7} =k 3w M3l PPMojlAe] Hx Alo]e]
A 58] A Me] 2, 4, 8 W AYE F3
gk #He] g ste] Zzt 01626, 0.1141,
0.07145 (nsec)7} ¥l 7.7} mA=E A5l o
g AgelAE o] 7 0.7626 (nsec) 2 Azl A}
f3lgiom, o] gk M=20]x o] o] HAe gt
A 8°=0.1626 (nsec)E A3 wje] ) Fdst
o2 o) AL, Haz sPeRF YA W A &
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0.7626 x (2" —1) = 96.85 (nsec) (14)

7} #=, ofeby elole] HEEE A (6)o=2FH
olefjs} Zo] FaRIck

_ M .
Ti ~ &z\rfig (bps) (15)

g 72 s Mol ot HA-e e ., E
AMEERE 8 Mo HEE Al X 9dE
BeF, o] W] AWr|e] HE T T M
ngslA JdAR gk 07626 (nsec)olel. Hr)AlE
Me) 2, 4, 82 ¥ o AZciEH]|] “BxAL
o)F " oz o] g MY 2HER] Wew]”
E,/N,8 H3p] o w]l=ef (bit emor rate;
BER) A5 W3E =A%, E,= thist ol
A ej=ic}.

E, = [ wat (16)

T8 7. Mol 2, 4, 8d W, Az A 9 &
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I8 8 M=4d A AZE 9 ¥2 ¥ o 02
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o] aglogRE] Me] 2 WY FIR] Wb
10748 BlELgd whal AlEdpn|zh oF 2.5
dB) ¥ oEge & 4 b AFE] At
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3% 88 FAE M3 s o) wWx el W
ol &g As WHIE Br] HHM, M=4olx
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3 23 794 =AEY M=29 ALE I4
ZASEAL gick

-15 10 -5

10 15
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PPM Hx 744 ¢, H2 & g, B2 Jl5
N, B8 Alad dejrlele] ¥l whE R Al
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(15)2%€] °lF Axgle] ALEE 7 103,
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206, 103 (Mbps)7} Erh M Axg] #Me
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# Az Heleles] AAE $8) dl=A) "ag)
TAZ 249 5 e FHellx 479 SPE
3ol ¥ <+ sk

2 =E9 FAdFAe Mg 8y o8
7Sl ot oleldl JiAle] w4 e A% 7]
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MZ PPM IR Alxgle] g 24 8 7P ga
stele) Adgeh 53 Aule} AL oF AR o)
W Ad #FelA ol ol A% A EAlv
ol AlzsiA dAee, o)#dt Ad @ g
Axdle] A B2 B e A 213 clo A
€] 71 Sl iRk 7 Ade] aiElelol & A
o2 A7t

=R ]
[I R. A. Scholtz, “Multiple access with

time-hopping impulse modulation,” Proc.
Military Commun. Conf. (MILCOM °’93), vol.
1, pp. 447-450, Boston, USA, Oct. 1993.

[21 M. Z. Win and R. A. Scholtz, “Impulse radio
: How it works,” IEEE Commun. Lett,, vol. 2,
pp. 36-38, Feb, 1998.

(3] R. A. Scholtz and M. Z. Win, “Impulse radio,”
in Wireless Communications (S. G. Glisic and
P. A Leppanen Eds), Kluwer Academic
Publishers, 1997,

[4] S. Kolenchery, et al, “A novel impulse radio
network for tactical military wireless commu-
nications,” Proc. Military Commun. Conf.
(MILCOM '98), vol. 1, pp- 59-65, Boston,
USA, Oct. 1998.

[5]1 P. Withington, “Impulse radio over- view,”
Tech. Report available at hitp://www time-
domain.com.

(6]

(7]

(8]

]

(10]

(11]

(12]

[13]

(14]

[15]

1st Int’l Ulra Wideband Conference Presen-
tation Material, Washington D.C., USA, Sep.
1999,

Time Domain Corp., “Time-modulated ultra
wideband radio measurement and spectrum
management issues,” Presentation Material at
National Radio Science Meeting, Boulder,
USA, Jan, 1999.

Federal Communications Commission, Notice
of Inquiry in the Matter of Revision of Part 15
of the Commission’s Rules Regarding Ultra-
Wideband Transmission Sys- tems, ET Docket
No. 98-153, Sep. 1998.

M. Z. Win and R. A. Scholtz, “On the
robustness of ultra-wide bandwidth signals in

- dense multipath environments,” IEEE Com-

mun. Lett., vol. 2, pp. 51-53, Feb. 1998,

M. Z. Win and R. A. Scholtz, “Ultra- wide
bandwidth  signal
wireless communications,” Proc. Int’l Conf
Commun. (ICC '97), vol. 1, pp. 91-95,
Montreal, Canada, June 1997.

M. Z. Win, F. Ramirez-Mireles, and R. A,
Scholtz, “Ultra-wide bandwidth (UWB) signal
propagation for outdoor wireless commumica-
tions,” Proc. Vehicular Technol. Conf. (VIC
’97), vol. 1, pp. 251-255, Phoenix, USA, May
1997.

Y. Shin, J. Ahn and S. Im, “A perfor- mance
analysis of ultta wideband time hopping

propagation for indoor

impulse radio communication systems,” Proc.
Int’l Tech. Conf. on Circuits/Systems, Compu-
ters & Commun. (ITC-CSCC ’99), Vol. 2, pp.
1346-1349, Niigata, Japan, July 1999,

oA, Alach “APoly Agk=ek s §-
A AF A2de] A5 B4, AP FUYEE
3feerchd] (JCCT '99) =83, 14, pp. 133-
137, 199913 44l

Y. Shin and J. Ahn, “Effect of timing jitters in
an ultra wideband impulse radio system,” Inz’l
Symp. Intelligent Signal Proc. & Commun,
Syst. (ISPACS 2000), Honolulu, USA, Nov.
2000, to appear.

SR, 4lask “EFdd A7k 2oF YA F
A g Azglelld] etol]m] AEell A3 A%

1689

www.dbpia.co.kr



{54183 ==] "00-11 Vol25 No.l1A

a3l 19994 % FLIEE SiAEge e
F3] =F3, 517, pp. 1805-1808, 199913 74.

ot Xl E(Jinchul Ahn) 23
19981 24 : S Advfi¥ar
AR 4 (BAD
20000 29 : A
AxFst 24 (82D
20000 34:
ez F) d74

<FHA o o158 AxH

g} & Z(Kwonghee Park) b kR
19994 24 : Al ek
AR} 249 (D
199913 34 ~3a}: SAEE
AR Al
<FH4] Eop
o584 AlxHl

Al 2 9KYoan Shin) A2
A AR YA RER 2ws
Y5482 A23E ATE A=

1690

www.dbpia.co.kr



